Women with lower cognitive functioning scores also had lower perceived physical functioning scores. While adjustment for covariates attenuated the association between perceived physical functioning and both the SDMT and EBMT cognitive measures, these associations remained statistically significant. Additionally, the 4-year change in perceived physical functioning was significantly associated with the 4-year change in the EBMT. Conclusions: At midlife, there were associated declines in cognitive and perceived physical functioning scores, commencing at midlife in women.
tive or physical functioning. In addition, while current theories of the disablement process emphasize the importance of understanding early physical changes as a means of helping prevent or delay adverse health outcomes in older adults [2] , most studies of functioning have examined populations of adults who are substantially past midlife when the implementation of prevention activities may have less impact.
Cognitive function may have a significant role in the subclinical presentation of changes in the overall functional status by impairing executive abilities that are relevant for the performance of complex activities. Alternatively, diminishing cognitive functioning may interfere with an individual's ability to accurately perceive and report his/her functional status [3] . A number of studies have shown a relationship between cognitive and physical functioning [3] [4] [5] [6] [7] [8] [9] using both cross-sectional [3, 5, 6, 8] and longitudinal [4, 7, 9 ] study designs, but the studies have been limited to various elderly populations. A recent review noted that in cross-sectional studies of the elderly, executive control function and general measures of cognition are particularly strong correlates of physical functioning [10] .
A number of underlying physiological and psychological processes have been proposed as mechanisms to link cognitive and physical functioning. One proposal focuses on a more compromised metabolic environment encompassing atherosclerosis, altered glucose metabolism, vascular injury and an increased acute phase inflammatory response [11] . This is supported by observations of elevated serum amyloid A in neurogenerative disease [11] and higher D-dimer levels in individuals with diminished walking ability [12] . Alternatively, it has been suggested that physical activity, acting as a surrogate for physical functioning, preserves or promotes cerebral blood flow [13] which, in turn, is associated with better performance during cognitive assessment. Several studies have shown that indicators of socioeconomic status (SES) in adulthood are related to risk of cognitive decline [14] and poor physical functioning [15] . Previous studies have also found an independent association between depressive symptoms and both physical performance declines [16, 17] and cognitive decline and impairment [18, 19] . Finally, few studies have addressed the role of ovarian aging and menopause status as a component of the aging process in women.
We propose that the parallel and co-occurrence of cognitive and physical functioning decline begins in the midlife and that women in the postmenopause will have poorer physical functioning than women in earlier menopause stages, apart from the expected declines associated with aging. We further propose that the decline will be conditioned by an underlying component of metabolic and physiological compromise, quantified as the metabolic syndrome, depressive symptoms and lower SES ( fig. 1 ). We posed two related questions: (1) is there an association between measures of physical and cognitive functioning cross-sectionally and does it persist after considering SES, metabolic status, depressive symptoms and menopause status, and (2) is there an association between the longitudinal change in physical functioning and cognitive functioning over a 4-year period? 
Methods

Sample
The Study of Women's Health Across the Nation (SWAN) is a seven-site, longitudinal study conducted in community-based groups of women. At baseline, the 3,302 enrolled women were aged 42-52 years, premenopausal or early perimenopausal, without use of exogenous hormones, and self-identified as belonging to one of the designated race/ethnic groups, as previously described [20] . SWAN was approved by the Institutional Review Boards at each site and all participants provided written informed consent at every visit. Study sites whose data were included in these analyses were located in southeast Michigan, Chicago, Ill., Los Angeles, Calif., Alameda and Contra Costa County, Calif., Pittsburgh, Pa., and Boston, Mass. The analysis sample includes African-American, Caucasian, Chinese and Japanese women.
Cognitive and Physical Functioning Measures
Cognitive and physical functioning data were collected at the follow-up (F/U) 04, 06, and 08 examinations. The cognitive tests were chosen because: (1) they represent different aspects of cognition that are likely to change with aging; (2) they represent several aspects of cognition thought to be associated with changes in hormone status (which have largely been based on studies of hormone therapy), and (3) these measures were less likely to reflect ceiling and floor effects of tests typically administered to population whose ages exceed 70 years. Complex attention and information processing speed was assessed using the Symbol Digit Modality Test (SDMT), oral version. Participants identified as many symbol-digit matches as possible in a 90-second period [21] . Possible scores ranged from 11 to 95. Working memory was assessed using the Digit Span Backward Test (DSBT) where participants repeated backwards increasingly longer strings of digits until they made an error. Data were scored according to the Wechsler Memory Scale revised manual [22] , with scores ranging from one to 12. The East Boston Memory Test (EBMT) provided information on verbal and short-term memory [23] . After being told a story, participants were asked to recall story elements immediately and 30 min later. Because results for the two time points were similar, this paper reports only data from the first recall of the story. EBMT scores ranged from zero to 12. The tests of cognitive function were independent variables in our models.
Perception of physical functioning (PF) was assessed with the 10-item perceived physical functioning scale of the Medical Outcomes Scale (SF-36) [24] . The scale reflects the self-reported difficulty in undertaking physical activities ranging from vigorous athletic activity to the ability to bathe and dress. The possible scores [0 (worst) to 100 (best)] were categorized into a three-level categorical variable as no physical limitation (score 85-100), moderate limitation (score 50-84), and severe limitation (0-49) for the analyses in table 2 . The continuous SF-36 outcome was the dependent variable in our models in tables 3 and 4 .
Physiological Environment
Menopausal status was based on menstrual bleeding predictability in the three months prior to interview with the following categories: no decreased predictability in menses timing (premenopause), decreasing predictability in the time between menses (early perimenopause), no menses for 3-11 months (late peri- menopause), or no menses for 12 or more months (postmenopause). Women using estrogen and related hormones were classified as hormone users. The Core SWAN protocol specified a blood draw following a minimum 10-hour fast with specimens analyzed for cardiovascular risk measures at baseline and follow-up visits through visit 07. Phlebotomy appointments occurred between days two through five of the follicular phase of the menstrual cycle to allow for interpretation of a standardized hormone environment among still menstruating women.
Women were defined as having metabolic syndrome by meeting at least three of the following criteria based on the National Cholesterol Education Program Adult Treatment Panel III [25] and using race-specific criteria for waist circumference [26] : (1) waist circumference 1 88 cm for Caucasian and African-American participants and 6 80 cm for Chinese and Japanese participants; (2) triglycerides 6 150 mg/dl; (3) HDL-c ! 50 mg/dl; (4) systolic blood pressure (BP) 6 130 mm Hg or diastolic BP 6 85 mm Hg or taking antihypertensive medication, and (5) fasting glucose 6 110 mg/dl or evidence of diabetes. The metabolic syndrome categorization was based on measures taken one year preceding each measure of cognitive and physical functioning status (F/U 03, 05, 07) based on our hypothesis that compromised metabolic status altered cognitive and physical function ( fig. 1 ).
Depression
A depressive symptoms score was identified at F/U 04, 06 and 08 using the Center for Epidemiologic Studies Depression Scale (CESD) [27] .
Socioeconomic Resources
Education was measured in five categories at study baseline. The categories included less than high school, high school, more than high school, college, and more than college. Women in the study were also asked if it was difficult to pay for basics such as food and housing at F/U 04, 06 and 08. The coded responses were difficult, somewhat difficult, or not difficult at all. A high value indicates that it was not hard to pay for basics. Chronological age was measured in single years at F/U 04, 06 and 08. All analyses included a dummy coded variable for study site.
Statistical Methods
In table 2 , mean cognitive cores were calculated by physical function category and study year using generalized linear models. In tables 3 and 4 , the statistical analyses were implemented using a repeated measures data set with 1-3 records for each woman with the records representing the cognitive and physical functioning measures for each year of study (F/U 04, 06 and 08). The independent variables representing cognition were normalized to have a 0 mean and 1 SD to facilitate comparisons in the models in tables 3 and 4 . At F/U 08, there were fewer functioning data points contributing to the longitudinal analyses because, at that visit in an effort to reduce costs, sites collected data from the sample via mailed questionnaires with the postmenopausal women. Completion of the third assessment was associated with the control variables of age, ethnicity, and study site. In addition, women with lower scores on the first evaluation were less likely to complete later evaluations. This reduced the size of the decline in cognitive scores over time and may have attenuated our results.
The associations between cognitive and physical function variables were estimated from mixed models using the xtreg procedure (STATA 8 statistical package) with the GLS random effects estimator. Two sets of models were estimated with these data. In the first set, the marginal association between the cognitive measures and physical functioning was estimated ( table 3 ) . A second set of models was used to determine if change in cognitive function was related to change in physical function ( table 4 ) . Variables representing time and an interaction term between the time variable and cognitive function were added to the model. This interaction term indicates whether or not the change in the cognitive function is related to the change in physical function; the term's p value indicates the statistical significance of the relationship.
Results
Sample Characteristics
The average age of participants (at F/U visit 04) was 50 years. Half of the sample was Caucasian, 28% were African-American, 10% were Chinese, and 12% were Japanese. Approximately one-third of women reported at least some difficulty paying for basics ( table 1 ) .
At F/U visit 04, 7% of women were premenopausal, 45% were early perimenopausal, 11% were late perimenopausal, and 25% were postmenopausal. Twelve percent of women were using exogenous hormones. Approximately 1 in 5 women was classified as having metabolic syndrome ( table 1 ) .
Physical and Cognitive Functioning
The average SF-36 physical functioning score at F/U 04 was 83.6. Sixty-eight percent of women were designated as having no physical limitations (PF score 85-100), 24% reported moderate limitations (PF score 50-84), and 8% were classified with severe limitations at the F/U 04 (PF score ! 50). There was a modest decline in the proportion of women reporting no limitations between F/U 04 and F/U 08. Mean scores for the cognitive functioning measures at F/U 04 were SDMT (56, range 11-95), DSBT (6.6, range 1-12), and EBMT (10, time 1 and time 2, range 0-12). There were small overall 4-year changes in the cognitive functioning measures between F/U 04 and F/U 08.
Association of Physical and Cognitive Functioning. Women with severe physical limitations had lower scores on unadjusted cognitive measures, and this was consistently observed at each of the three visits ( table 2 ) .
Results from the cross-sectional random effects model for each cognitive measure are shown in table 3 and include three levels: (1) basic models with adjustment for age, race, education and study site; (2) basic models with one additional covariate, and (3) full models including adjustment for menopause status, depressive symptoms, metabolic status, and SES. In the basic models, all three cognitive measures positively and significantly predicted physical functioning. An increase of 1 SD in the SDMT would result in a 1.86 unit higher physical functioning score. A 1-SD increase in DSBT would result in a 0.57 points higher physical functioning score. A 1-SD increase in the EBMT would result in a 0.74 points higher physical functioning score.
The second groups of models included an additional covariate or covariate group to the basic model ( table 3 ) . First, the two variables representing SES were added to the model. Both SES variables were significant determinants of physical functioning. The coefficients of the cognitive measure were attenuated but remained statistically significant for the SDMT and the EBMT measures. Metabolic status was significantly associated with physical functioning, and all three cognitive measures remained significant. Only small changes occurred in the size of the coefficients. The addition of the menopause variable did not have a sizeable effect on the magnitude of significance of the cognitive measures. Finally, the CESD measure was significantly related to physical functioning but had only a small effect on the beta coefficients for the cognitive variables.
In the third group of models that also controlled for SES, metabolic syndrome status, menopause status and depressive symptoms ( table 3 ), the coefficient for physical functioning remained positive and statistically significant for the SDMT and EBMT. The size of the beta coefficient dropped from 1.86 to 1.04 for the SDMT and from 0.74 to 0.47 for the EBMT. ( table 4 ) . The 4-year difference in cognitive functioning was related to the 4-year difference in physical functioning as shown with a random-effects model. Models also included a variable for time and an interaction term for cognitive functioning with time to assess if the change in cognitive functioning was associated with the change in physical functioning.
Changes in Physical and Cognitive Functioning -Longitudinal Model
In models that included both the basic and the expanded list of covariates ( table 4 ), the interaction term between time and cognitive functioning was significant for the EBMT, suggesting that the 4-year change in verbal and short-term memory was predictive of the 4-year 
Discussion
In this longitudinal study of women at midlife: (1) lower physical functioning scores were related to lower scores on the three measures of cognitive functioning; (2) the 4-year change in physical functioning was associated with the 4-year change in a measure of verbal and shortterm memory (EBMT) but not with the 4-year change in measures of complex attention and information processing speed (SDMT) or the 4-year change in a measure of working memory (DSBT), and (3) relationships between physical and cognitive functioning measures were attenuated with adjustment for socioeconomic environment, depressive symptoms and metabolic syndrome, suggesting that in part, these associations between cognitive and perception of physical functioning were influenced by measures of SES, depressive symptoms, and metabolic syndrome.
While the SDMT measure was more strongly correlated with physical functioning assessment, cross-sectionally, the change in physical functioning was more strongly associated with EBMT than with other cognitive measures. This may have occurred because memory may change more than other cognitive measures in this age group.
We used the metabolic syndrome to approximate alterations in the physiological environment that may be related to cerebral blood flow and glucose metabolism. Chronic insulin resistance appears to have a deleterious effect on memory among individuals with type II diabetes mellitus [28, 29] or impaired glucose tolerance [30] and is related to impaired operant learning and classical conditioning in animals [31] .
In our investigation, SES attenuated the association between physical and cognitive functioning, even after adjustment for metabolic status. This suggests that while obesity, high BP, diabetes, and reduced lung function are more prevalent among low SES groups and lower SES is a risk factor for cardiovascular disease and stroke [32] , other elements in SES not linked to these metabolic measures remain operational in this sample. Notably, a longitudinal study of older adults found that those in the lowest SES group also had an increased risk of mobility limitation, even after accounting for a wide range of diseases and risk factors [33] . The magnitude and consistency of statistically significant associations with measures available suggest that the overarching impact of SES in relation to functioning is present even as modest declines are being observed among these mid-aged women [34] .
Menopause status also contributed to the association of cognitive measures with physical functioning. We have previously described that progressive stages of the menopause transition were associated with increasingly diminished physical functioning among 16,065 women aged 40-55 years, after adjusting for age [35] . Studies of estrogen therapy, frequently conceived as a model of the physiological state prior to the demise of ovarian estradiol levels, have shown that estrogen users may have decreased brain white matter lesions [36] , increased cerebral blood flow [37] , and increased glucose metabolism in certain brain regions [38] compared to nonusers. These characteristics appear to modulate the effects of various neurotransmitter systems [39] and alter regional brain activation patterns during cognitive processes [40] . Our results incorporating a measure of depressive symptoms are also consistent with earlier research that identified that depression was associated with reduced physical functioning and attenuated the relationship between cognitive and physical functioning [16] [17] [18] .
This study has strengths and limitations. Although this study is associated with a large number of women, the proportionately fewer Japanese and Chinese women forced us to examine overall associations, adjusting for race, rather than examine associations within each race group. While the age of this population is relatively younger compared to other populations in which physical and cognitive functioning have been examined, our assessment suggests that there is a substantial amount of perceived compromised physical functioning present. Assessment of perceived physical functioning may or may not be comparable with information from performance-based measures. More change may have been observed in physical functioning if performance-based measures were available in the study. Further, the cognitive measures were limited to the working memory, perceptual speed and verbal and short-term memory domains. Direct measures of cerebral blood flow were not possible in this large epidemiological study. Finally, while there were three assessments during the 4-year period during the menopause transition, this time period may be inadequate to confirm distinct changes in younger women who are experiencing both chronological and ovarian aging and have experienced only a modest decline in cognitive function. The small amount of change in cognitive and physical functioning may have contrib-uted to the weaker longitudinal associations compared to the cross-sectional associations. Health studies often identify a stronger cross-sectional than longitudinal associations, with the former describing between-person variation while the longitudinal study, by design, includes within-person variation.
This study provided evidence that women at midlife have concurrently diminished physical and cognitive functioning; some decline appeared to occur even in a 4-year period of observation. Apart from chronological age, menopause status, metabolic syndrome, depression and the socioeconomic environment were clearly associated with physical functioning, and their presence attenuated the relationship between physical and cognitive functioning suggesting their potential underlying contribution to functioning.
